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Living liver transplantationAbstract Purpose: The aim of this study was to evaluate the role of multislice CT (MSCT) and
magnetic resonance cholangiography (MRC) in evaluation of potential donors in living related liver
transplantation.
Patients and methods: Twenty-ﬁve potential donors included in our study. All potential donors
underwent 1st step medical examination and laboratory investigations to enter the 2nd step inves-
tigations with MSCT for calculation of the hepatic parenchymal CT density, reconstruction of
hepatic vascular anatomy and CT volumetry. Magnetic Resonance cholangiography (MRC) and
intra-operative cholangiography (IOC) were done on only 23 patients for biliary tree assessment.
Results: Of the 25 patients evaluated by MSCT, 23 patients (92%) were accepted. Two patients
(8%) were excluded from surgery because of anatomical criteria, regarding portal vein variants
based on CT ﬁndings. One showed right anterior portal vein arising from left portal vein and the
other showed trifurcation of the main portal vein.
Conclusion: Multislice CT is a valuable tool in the evaluation of potential living liver donors that
provides complete information on the hepatic vascular anatomy, the liver parenchyma, and
volumetric measurements. MRC with a 3.0-T MR system demonstrates the preoperative biliary
evaluation very well with a high accuracy rate.
 2015 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Living related liver transplantation (LRLT) is a widely
accepted therapeutic option because there is a persistent
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healthy adults donate a portion of their liver to compatible
recipients who suffer from terminal liver disease (1).
In patients with end-stage liver disease, living donor liver
transplantation is considered to be an effective, life sustaining
surgical treatment. Teamwork between the transplant surgeon
and the radiologist is mandatory for successful liver transplant.
The hepatic vascular anatomy is extremely variable; thus, pre-
operative imaging of potential liver donors is mandatory as it
helps in selection of the donor and planning for proper surgical
approach (2).
Anatomic variations involving the biliary and hepatic vas-
cular anatomy are common. Biliary variants represent
24–57% of the population while arterial variants of the liver
represent between 31% and 49%. Portal vein variants are less
common, affecting 16–26% of the population. In considering
donor candidates for adult-to adult liver transplantation,
anatomical variants evaluation is valuable in preoperative
planning. Abnormal anatomy is not always contraindication
for liver donation, but evaluation of the variant anatomy is
critical to ensure that the donors will be safe and aid in selec-
tion of appropriate candidates (3).
Multi-detector CT (MDCT) is a comprehensive, non-
invasive and accurate imaging modality that allows an accu-
rate assessment of liver parenchyma, hepatic vascular anatomy
and graft volume in donors of LRLT. Before liver resection or
transplantation, CT angiography enables surgeons to under-
stand the celiac trunk anatomy, hepatic arteries anatomy,
and hepatic and portal venous system. Additional signiﬁcant
information obtained from these images includes MDCT por-
tal venography that displays the whole portal venous system
(4).
Accurate pre-operative assessments of hepatic volumetrics
were considered one of the most important factors needed
for the surgeons especially in living related liver transplanta-
tion (LRLT). Volumetry of the hepatic graft and remnant is
essential and is usually done with cross-sectional MSCT or
MRI. The main advantage of CT over MRI is based on a
higher spatial resolution and various post-processing possibil-
ities. Minimum graft volume was required to provide sufﬁcient
functional hepatocytes to the recipient (5).
Detailed preoperative evaluation of the biliary anatomy of
the donor in LRLT can decrease the postoperative recipient
morbidity and increase the donor safety. MR cholangiography
is useful for the preoperative evaluation of biliary anatomy in
LRLT donor candidates (6).
The aim of this study was to evaluate the role of multislice
CT (MSCT) and magnetic resonance cholangiography (MRC)
in evaluation of potential donors in living related liver
transplantation.2. Patients and methods
This study was conducted on 25 potential donors, 22 of them
were male and 3 were female, with age range from 20 to
38 years. The study was done at private centers for pre-
operative assessment.
All potential donors underwent 1st step medical examina-
tion and laboratory investigations to enter the 2nd step inves-
tigations for living donors’ liver donation operations. All thepotential donors underwent multislice multi-phasic CT with
CT angiography of the hepatic vasculature.
Two donors were refused after MSCT because of portal
vein variants; one showed right anterior portal vein arising
from left portal vein and the other showed trifurcation of the
main portal vein (Fig. 3), then 23 from 25 potential donors
underwent magnetic resonance cholangiopancreatography
(MRCP).
Twenty-three accepted donors were opened surgically for
liver transplantation, and consequently were available for
comparison with MSCT volumetry, angiography and MRCP
results. Intra-operative cholangiography was done as our gold
standard for biliary assessments and results compared with
MRCP.2.1. Technique of triphasic CT using the multi-phase acquisition
during single breath hold
CT scans were acquired with a 64 channel multi-detector row
CT scanner (Aquilion; Toshiba medical systems). Potential
donor’s laboratory data were initially revised with particular
interest in the results of the renal function tests. All potential
donors were instructed to fast for food for six to eight hours
prior to examination.
The donors were taught how to hold breath during exami-
nation when requested, to ensure their cooperation.
Donors were positioned supine on the CT table in the
‘‘Head ﬁrst” position with his arms resting comfortably above
the head. An 18–20 gauge catheter was placed into a superﬁcial
vein within the ante-cubital fossa.
One scout was acquired in antero-posterior view. The
examination is planned on these scouts from the level of the
top of the right diaphragmatic copula (Hepatic Dome) till
20 cm caudally in precontrast and post contrast sequences.
The pre-contrast series is taken by using a 10 mm nominal
section thickness, a gantry rotation period 0.6 s, and a table
speed of 15 mm per rotation. X-ray tube voltage was 120 kV,
and the current was 280–300 mA.
The post-contrast series following the injection of contrast
medium using an automatic pump with a volume ranging
between 120 and 150 ml according to the donor’s weight (1.5–
2 ml/kg) at a ﬂow rate 4–5 ml/s. The contrast medium used
was low osmolar non-ionic contrastmedium (Ultravist 370 mg).
CT was performed by using a 2.5 mm nominal section
thickness, a gantry rotation period 0.6 s, and a table speed of
15 mm per rotation. X-ray tube voltage was 120 kV, and the
current was 280–300 mA.
Donors were requested to hold their breath during the pre-
contrast phase and the four phases of acquisition for about 8–
10 s each and were allowed to breath quietly after that. The
arterial dominant phase starts about 18–20 s post-injection till
the end of the 20 cm distance then after a delay of 8sec, and the
portal dominant phase is started similarly as the 1st one (about
40 s post-injection).
Then the 3rd and 4th phases (venous phase) are started
after a delay of 10 s from the end of the 2nd phase to the
end of the whole examination.
Sections were reconstructed at 2.5 mm which is the nominal
section thickness. All images were transferred to the worksta-
tion for post processing.
Fig. 1 Hepatic artery variants.
Fig. 2 Hepatic veins anatomy.
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follows:
I. Calculation of the hepatic parenchymal CT density
The pre-contrast images are used to measure the Liver/
Spleen (L/S) attenuation ratio by measuring the liver
parenchymal attenuation at random sites avoiding the central
hypodensities which are presumed to be of vascular origin then
similarly random splenic parenchymal sites are measured by
inserting the ROI on it and automatically measuring the CT
attenuation value by HU. Then the mean hepatic parenchymal
CT attenuation is calculated and divided by the mean splenic
parenchymal CT attenuation to calculate the L/S attenuation ratio.
II. Reconstruction of the hepatic vasculature
The 1st phase of contrast injection is used to delineate the
arterial axis including the celiac and superior mesenteric vessels
especially the hepatic artery and its intra hepatic branches.
Then the second phase of contrast was used to visualize the
portal venous system including the splenic, superior mesenteric
and main portal vein and its intra hepatic branches. The 3rd
and 4th phases are used to visualize the intra-hepatic veins
and the IVC.
Three dimensional maximum intensity projections (MIP),
volume rendering (VR), and curved planer reformations were
created at different angles of views.
III. CT volumetry of the liver
All our recipients were adults so all the calculations of the
liver will be of a right lobe graft.
First we calculate the whole liver volume including the cau-
date lobe and excluding the IVC and gallbladder by manual
tracing of the whole liver in each axial cut or every 3–4 cut pre-
suming that the liver maintaining the same conﬁguration. Then
after ﬁnishing the whole liver we apply all the manually traced
cuts to volume calculation software on the workstation to cal-
culate the volume in cc3.
We then calculate the right hepatic lobe (segments V, VI, VII
andVIII) volume two times, ﬁrstwithout themiddle hepatic vein
and a second time with the middle hepatic vein. This is done by
making an imaginary plane 5 mm lateral to the middle hepatic
vein along the whole thickness of the liver and then manually
tracing the right lobe along the whole thickness of the liver
excluding the IVC, gallbladder and caudate lobe, after that
apply the traced cuts to the volume calculating software to mea-
sure the right lobe volume with and without the MHV in cc3.
Biopsy was done for 23 patients to exclude fatty inﬁltra-
tions of donors.
2.2. Technique of MR cholangiography (MRC):
Accepted 23 potential liver donors underwent MR imaging
(MRI) at 3.0-T MR system (InteraAchieva; Philips Medical)
as described by Kim et al. (7).
2.3. Intra-operative cholangiogram (IOC):
Accepted 23 potential liver donors underwent IOC as
described by Kim et al. (7).3. Results
The study consisted of 25 potential donors for liver transplan-
tation who were coming for preoperative assessment of their
liver parenchyma, volume, fat content, anatomical vascular
and biliary variants. They were all clinically ﬁt for surgery.
The study population consisted of 22 males (88%) and 3
females (12%), with an age range from 21 to 37 years (mean
age 26.5 years).
Two donors were refused after multislice CT scan, because
of portal vein variants; one showed right anterior portal vein
arising from left portal vein and the other showed trifurcation
of the main portal vein (Fig. 4).
The graft was weighed intra-operatively, and then com-
pared with the preoperative estimated volume (Table 1). All
the grafts were right lobe grafts.
Fig. 3 28 years old male donor, 74 kg in weight, 172 cm in height (BMI: 25). (a) Random points of hepatic parenchymal densities to
calculate the average ﬁgure (63 HU). (b) Random points of Splenic parenchymal densities to calculate the average ﬁgure (54 HU). (c) Axial
cut of the liver venous phase showing tracing of the whole liver & the right lobe without the MHV for the volume calculation (1610 &
900 cc). (d) Axial cut of the liver venous phase showing tracing of the right lobe with the MHV for the volume calculation (1025 cc). (e)
Coronal 3 D VR images showing the celiac trunk giving the hepatic artery proper which divides terminally into right and left hepatic
arteries. (f) Coronal 3D VR images showing bifurcation of the portal vein with its intra-hepatic branches. (g) and (h) Axial and
coronal oblique 3D VR images showing the three major hepatic veins with no abnormalities detected. (i) 3D MIP of the biliary system.
(j) Intra-operative cholangiogram images of the biliary system. (The intra-operative cholangiographic and vascular ﬁndings correspond to
the pre-operative MRCP and CT angiographic ﬁndings.)
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Fig. 3 (continued)
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Fig. 4 36 years old female donor, 68 kg in weight, 164 cm in height (BMI: 25.28). (a) Random points of hepatic parenchymal densities to
calculate the average ﬁgure (55 HU). (b) Random points of Splenic parenchymal densities to calculate the average ﬁgure (47 HU). (c) and
(d) Axial and coronal oblique MIP images showing the origin of RHA from SMA. (e) and (f) Axial & coronal MIP images showing
Trifurcation of the main portal vein. (g) and (h) Axial and coronal MIP images showing the three major hepatic veins showing no
abnormalities. (This donor was refused because of the trifurcation of the main portal vein.)
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Fig. 4 (continued)
Table 1 Pre and intra-operative graft weight difference.
Weight diﬀerence in grams Number of cases
From 0 to less than 20 4
From 20 to less than 40 9
From 40 to less than 60 5
From 60 to less than 80 3
From 80 to less than 100 2
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ﬁt donors before resection.
We calculated the BMI of all donors according to their
height and weight and it ranged from 21 to 28. The mean
weight of the patients was 72.6 kg, the mean height was
172.4 cm and the mean BMI was 24.6.
Pre-contrast study was done for the 25 patients using multi-
slice CT examination for estimation of the hepatic volume
(volumetry), the graft weight ratio, the residual volume and
the liver/spleen attenuation ratio (L/S ratio). These data were
then compared to those of the graft measured intraoperativelyand hence the results obtained. The volume of the whole liver
measured by CT ranged from 1200 g to 1800 g (mean 1520 g).
The graft weight measured pre-operatively had a mean
weight of 834 ± 122 g, while that measured intra-operatively
had a mean weight of 868 g, with a mean weight difference
of 34 g.
There was no statistically signiﬁcant difference between the
pre-operative and the intra-operative graft weight measure-
ments, as shown in Table 1.
None of the cases showed L/S attenuation ratio <1, and
hence all our results showed no evidence of steatosis. Post
CT biopsy was done and showed arrangement of fatty inﬁltra-
tion ranging from 1% up to 7% with a mean percentage of
3.8%, thus showing an accuracy of 100% for CT evaluation
of steatosis.
CT angiography showed no anomalies of the hepatic artery
(single artery) in all the cases, which was conﬁrmed intra-
operatively, denoting 100% accuracy of the imaging modality.
CT angiography showed 3 cases with RHV and IRHV,
which were established intra-operatively, with a 100% accu-
racy of the CT angiography.
Table 2 Comparison of MRCP & intra-operative cholan-
giography ﬁndings.
Single duct Two ducts
Pre-operative MRC 17 6
Intra-operative cholangiography 16 7
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variant arterial system has been seen as follows (Fig. 1):
– RHA & LHA from CHA in 15 cases.
– RHA from SMA in 5 cases.
– CHA from SMA in 1 case.
– RHA directly from the aorta in 1 case.
– CHA directly from the aorta in 1 case.
By CT portography; there appeared to be two donors with
anomaly in the portal vein, one showed trifurcation of the
main portal vein, the other showed the right anterior portal
vein arising from the left portal vein, and the remaining 23
donors showed no anomalies which was proven intra-
operatively. So the CT portography results were 100%
accurate.
As regards the hepatic veins anatomy, the following chart
(Fig. 2) shows their anatomic variants:
As shown in Table 2, MRCP was then done for 23 cases,
where 17 cases showed single right hepatic duct, and 6 cases
showed dual right hepatic ducts. However, intraoperatively,
one case was diagnosed with dual right biliary system giving
a total of 7 cases, thus making the imaging accuracy level
95.65%.
4. Discussion
The donor and recipient evaluation should never be performed
separately to determine whether they both could be considered
for LDLT. Thus, a mandatory cooperation is needed between
radiologists and surgeons to reach optimal results. Multislice
CT is an important tool for mapping out the hepatic vascular
anatomy; the radiologist should be familiar with the normal
liver anatomy in order to determine the presence of variants,
particularly those considered relative or absolute contraindica-
tions for donation, those needing reconstruction or multiple
anastomoses, and those that could change the surgical
approach (8).
Zapletal et al. (9) stated that previous studies evaluated the
relationship between donor age and recipient outcomes. They
deﬁned older donors of age 50 and above. They revealed
reduced graft survival only for older donors when the allograft
was rated to be poor or fair in quality by the surgeon at the
time of harvest. However, some studies have demonstrated
good outcomes in recipients from elderly donors (9). On the
basis of these considerations, we chose 25 donors of age range
from 21 to 37 years (mean age 26.5 years).
Transplantation of livers from female donors was associ-
ated with reduced outcomes in many, but not all series. Some
studies suggest that gender mismatched transplants in which
the liver from a female donor is given to a male recipient
may be particularly problematic (2). Thus; our study included
22 male donors (88%) and 3 females (12%).Park and his collages (10) made a study on 154 candidates
who had done same-day unenhanced CT and ultrasonography-
guided liver biopsy. They determined the histologic degree of
macrovesicular steatosis. The hepatic attenuation was calculated
by averaging the Hounsﬁeld units of three regions of interest
(ROIs). Each ROI formed a 1.5 1.5-cm square, and the ROIs
were placed at three different sites in the right hepatic lobe
approximately between hepatic segments V, VI, VII and VIII,
which were deﬁned according to the Couinaud system. ROIs
locations were chosen aiming to match the biopsy sites as closely
as possible. Each ROI was placed with special care to exclude
macroscopic hepatic vessels, and contrast-enhanced CT images
were used to achieve more accurate identiﬁcation of hepatic ves-
sels location. Splenic attenuation was obtained by averaging the
three Hounsﬁeld units at three different sections. For each mea-
surement, a 1.5 1.5-cm ROI was used.
In our study, we performed unenhanced CT for all our 25
potential donors depending on only one index which is the
CTL/S for exclusion of hepatic steatosis. The hepatic attenua-
tion was measured by averaging the Hounsﬁeld units of differ-
ent ROIs. The ROIs were placed at different sites in both right
and left hepatic lobes between the different hepatic segments
which were deﬁned according to the Couinaud system. Simi-
larly, each ROI was placed with special care to exclude macro-
scopic hepatic vessels. Splenic attenuation was determined by
averaging Hounsﬁeld units at different sections. The mean
was 1.24 ± 0.1 SD.
A study done by Kamel et al. (11) on 52 adult donors to
evaluate accurate determination of the total and lobar liver
volumes using a MDCT in potential donors undergoing living
adult right lobe liver transplantation revealed that, the mean
volume of the entire liver, right lobe, and left lobe was
1807 mL 990 mL and 817 mL, respectively.
Total and lobar volume determinations after virtual right
hemi-hepatectomy provided accurate information that was
important for potential living liver donors selection (12).
In our study, preoperative CT volumetry was done for all
the 23 donors, the total liver volume and right lobe volumes
were measured simultaneously with and without including
the MHV in the potential graft and all donors were subjected
to right lobe resection for grafting without taking the middle
hepatic vein.
The mean volume of total liver is 1520 g. The mean volume
of the right hepatic lobe to the right of the MHV (without the
caudate lobe) is 834 g. Twenty-three donors were opened sur-
gically to compare their estimated graft volume to the actual
operative weight where all the grafts were right lobe grafts.
Singh et al., mentioned that both 3D CT arteriography and
angiography possessed the same accuracy in the determination
of arterial anatomy of the liver in patients being considered for
hepatic transplantation (13).
The main goal of presurgical evaluation of the hepatic arte-
rial anatomy is to provide a complete arterial ‘‘road map’’ for
the transplantation surgeons; thus, assessment of the hepatic
arterial anatomy is one of the most important steps in the pre-
operative evaluation of potential liver donors because hepatic
arterial anatomy is extremely variable and some anatomic vari-
ations may necessitate modiﬁcation of the surgical approach
(14).
It is important to recognize the proper hepatic artery bifur-
cation and to measure the length of the RHA (in cases of right
lobe donation) or LHA (in cases of LLS donation) before the
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dant arteries may impede arterial reconstruction (15).
The hepatic arterial variants were reported to be present in
41–46% of cases. The most common variants are replaced or
accessory RHA arising from the SMA and a replaced or acces-
sory LHA arising from the left gastric artery (16). Artioli et al.
(17) mentioned that, the most common variant was a replaced
RHA arising from the SMA (type III).
In our study, the overall percentage of the anomalous arte-
rial origins were in 34.8% of cases.
Gallego et al., stated that the most common branching vari-
ants of the portal vein are trifurcation, right anterior portal
branch arising from the left portal vein, and right posterior
portal branch arising from the main portal vein. They added
that the most frequently reported congenital anomaly was age-
nesis of the right or left portal vein (18).
In our study, two cases showed portal variants, one of them
showed trifurcation of the portal vein and the other showed
right anterior portal branch arising from left portal vein.
The dominant hepatic vein branches that traversed the hep-
atectomy plane and drained into the middle hepatic vein
included veins that drained segment VIII in 67 donors while
drained segment V in 10 donors (16).
Pomfret et al. (19), revealed that the most affected patients
had a single accessory inferior hepatic vein, although occasion-
ally there can be two such veins, which makes the surgical tech-
nique more complicated. This variant is essential for the
evaluation of both the donor and the recipient, but it is much
more essential for the donor. They added that, the surgeon’s
assessment of the size of the accessory vein is important for
transplantation, especially if the vein is larger than 3 mm.
Marcos et al. (20) mentioned that the surgical plane courses
1 cm to the right of the MHV in cases of right lobe dissection.
Accessory hepatic veins could be a source of severe hemor-
rhage if they were not discovered before surgery.
In our study, we have found that 21 cases (91.3%) have
common trunk between the MHV and LHV just before their
entrance into the IVC and two cases had separate drainage
of the LHV into the IVC while none of our cases had common
trunk between the MHV and RHV; 22 cases (95.65%) showed
dominant right hepatic vein and one case showed dominant
middle hepatic vein. Right inferior hepatic vein was found in
3 cases. The inferior right hepatic veins’ diameters are 4, 4.5
and 5.5 mm. The distance between the right inferior hepatic
vein and the main right hepatic vein is 3.5, 4 and 5 cm
caudally.
Garcia-Valdecasas et al. (21) found that the biliary compli-
cations seemed to be the main cause of postoperative compli-
cations after LDLT and they were found in about from 30% to
50% of the patients.
Morgan et al. advised against donation for candidates with
biliary duct distribution requiring more than 1 anastomosis
aiming to decrease the risk of complications (22). However,
Icoz et al. assumed that, regardless of the kind of biliary sur-
gery that has to be performed in the recipient, there are groups
that proceed with the liver transplant (23).
Lim et al. revealed that the pattern of second-order biliary
tract branching can affect the surgical approach and biliary
anastomotic technique or even hinder liver donation (24).
Kim et al. (25) study demonstrated the potential utility of
MRC at 3.0 T in the preoperative assessment of nondilated
bile ducts in LPLDs. They found that overall accuracy fordepicting biliary anatomy and sensitivity and speciﬁcity for
the detection of anatomic variants were 50–75% and 84–
96%, respectively.
The use of thin sections heavy T2WI performed with
breath-held multislice HASTE at 3.0 T allowed better image
quality of the bile ducts than standard sections with heavy
T2WI at 3.0 T. SNR of thin sections was inferior compared
to standard sections at 3.0 T, but the SNR and visual rating
of image noise were equal or slightly better than heavy
T2WI with standard sections at 1.5 T. Thin-section images
provide more valuable information about the structure of the
duct system. The increased resolution at 3 T would enable to
detect small pathologies of the ducts, and evaluate the detailed
anatomy (26).
In our study, we implemented two sequences that are the
breath-hold single slice rapid acquisition and relaxation
enhancement (RARE) and the respiratory triggered
3-dimensional (3D) TSE using a respiratory belt on the patients
abdomen. Maximum intensity projections in an analogous
orientation of RARE sequence were generated.
Out of the 23 donors, pre-operative MRCP showed single
RHD in 17 donors while intra-operative cholangiogram
showed single RHD in only 16 donors while the rest of the
donors had two RHDs thus giving an accuracy level of
95.65%.
5. Conclusion
Optimal planning for liver transplantation requires an integra-
tive combination between the radiologist, hepatologist, clinical
oncologist, and transplant surgeon. Radiologists play an essen-
tial role in accurate surgical planning that requires identiﬁca-
tion of normal and abnormal variant anatomy and other
conditions that may be present.
Complete information about the hepatic vascular anatomy,
the liver parenchyma, and volumetric measurements can be
easily detected by MSCT which is considered to be valuable
tool in the accurate evaluation of potential living liver donors.
MSCT is important for the safety of the donors and it allows
an optimal graft that maintains the balance between blood
supply and venous drainage.
The preoperative biliary evaluation is well demonstrated at
MRC with a high accuracy rate using 3.0 T MR system.Conflict of interest
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